Objectives: To explore the relationship between epilepsy and anti-epileptic drug (AED) and sexual, reproductive and psychological functions of epileptic women.
Patients & Methods:
The study included 60 women with partial seizures of temporal lobe origin (TLE) and 20 control agematched women. All women underwent full history taking and sexual interest and function during the preceding week, measured using the Arizona Sexual Experience Scale (ASEX) questionnaire and were evaluated in terms of possible presence of depression using the Beck Depression Inventory (BDI). Fasting, morning blood samples were obtained for estimation of hormonal profile including serum total testosterone, estradiol (E2), sex hormone-binding globulin (SHBG), leutinizing hormone (LH) and follicle stimulating hormone (FSH).
Results: Epileptic women were overweight to obese; 23 were infertile and 47 women had irregular menstrual cycle. Epileptic women had significantly higher serum testosterone and SHBG with significantly lower serum E2 compared to control women. Twenty-three women had right TLE and 16 patients had stopped AED at least 3 months before testing. Mean ASEX score in epileptics was significantly higher compared to controls with significantly higher mean ASEX score in epileptics who had right TLE compared to those who had left TLE and in those on AED compared to those who stopped treatment. Mean BDI score in epileptics was significantly higher compared to controls, with significantly higher mean BDI score in epileptics who had right TLE compared to those who had left TLE, but patients maintained on AED showed non-significantly higher BDI score compared to those who stopped AED. There was a positive significant correlation between presence of TLE and high ASEX scores, BDI scores, serum testosterone and serum SHBG, but showed a negative significant correlation with serum E2. Regression analysis showed low serum E2 and presence of epilepsy as the significant predictors for high ASEX score which was the most significant predictor for high BDI score.
Introduction
The brain regulates sexual behavior by neural and neuroendocrine mechanisms. The temporolimbic system, in particular, has been implicated in both of these mechanisms. Bilateral damage to the system, especially the amygdala, can result clinically, as well as in animal models, in behavioral changes that feature hypersexuality (Kluver-Bucy syndrome) (1). Temporo-limbic epilepsy can result in altered, especially diminished, sexuality in both animals and humans. There are reports, moreover, to suggest that hyposexuality may be more prominent with right than with left temporolimbic foci (2, 3).
The effects of reproductive hormones on neuronal excitability and seizureinduced damage are complex to contradictory and depend on different mechanisms. Clinical and experimental evidence supports the role of sex and influence of sex hormones on seizures and epilepsy as well as alterations of the endocrine system and levels of sex hormones by epileptiform activity and conversely, seizures are sensitive to changes in sex hormone levels, which in turn may affect the seizureinduced neuronal damage (4, 5, 6) . The brain controls reproductive endocrine secretion primarily through the hypothalamic regulation of pituitary secretion. Regions of the hypothalamus that are involved in the regulation, production, and secretion of gonadotropin-releasing hormone (GnRH) receive extensive direct connections from the cerebral hemispheres, especially from temporolimbic structures, and most notably the amygdala. Depending on the brain region disrupted by the epileptic discharge, the hypothalamus may be stimulated or inhibited. Release of excitatory and inhibitory neurochemicals during and after seizures may also influence hypothalamic and pituitary hormone release. The location of the ictal or interictal discharge also influences the specific type of input to the hypothalamus. The laterality of limbic epileptiform discharges differentially alter hypothalamic hormone release (7, 8) .
Epilepsy has wide-ranging physiologic consequences that arise from seizures and from the use of antiepileptic drugs (AED). Women with epilepsy face a lot of challenges, including reproductive health disturbances. They also have lower birthrates and a greater risk for syndromes associated with infertility, such as hypothalamic pituitary axis disruption, polycystic ovary-like syndrome (PCOS) and anovulatory cycles (9, 10) . The current prospective study aimed to explore the relationship between epilepsy and anti-epileptic treatment and sexual, reproductive and psychological functions of women with epilepsy.
Patients and Methods
The current prospective study was conducted at Neurology and Gynecology Departments, Benha University Hospital in conjunction with Psychiatry Department, Faculty of Medicine, Mansoura University; from August 2011 till January 2013. After obtaining fully informed written consent, all women with partial seizures of temporal lobe origin (TLE) who attended the Neurology clinic were enrolled in the study.
Inclusion criteria included at least monthly complex partial seizures and EEG documented unilateral temporal lobe interictal epileptiform discharges. EEG documentation was obtained in the preceding 3 months in all cases. All women must not have had a clinical seizure during the day before or during testing. The study also included 20 control age-matched women who had negative histories for neurological and reproductive disorders, normal neurological and gynecological examinations, and normal EEGs. Women on hormonal therapy for any indication, major tranquilizers, or antidepressants during three months prior to testing were not included in the study. All women were tested during the early to mid-follicular phase (Days 3-7) of the menstrual cycle.
All women underwent full history taking, including age, time lapse since diagnosis of TLE and antiepileptic drug therapy. Constitutional data were also collected. Reproductive function was assessed by characterization of menstrual cycle intervals and menses, as well as documentation of hirsutism and galactorrhea. Obstetric history included the number of previous pregnancies, number of living offspring and the current fertility status.
Sexual interest and function during the preceding week were measured using the Arizona Sexual Experience Scale (ASEX) questionnaire which is a standardized validated, reliable five-item rating scale that quantifies sexual drive, arousal, vaginal lubrication, ability to reach orgasm, and satisfaction from orgasm. Each question is scored out of 6. A total score between 5 and 30 is determined and higher scores reflect greater sexual dysfunction. Scores that exceeded the control mean plus two standard deviation value were used to categorize sexual dysfunction (11) .
All patients and controls were evaluated in terms of possible presence of depression using the Beck Depression Inventory (BDI) consisting of 21 items; each is awarded with a score ranging from 0 to 3. A raw score for each item was given and a total BDI score was calculated by adding the raw scores which may be in range of 0-63: 1-10 indicated that these ups and downs are considered normal; 11-16 indicated mild mood disturbance, 17-20 indicated borderline clinical depression; 21-30 indicated moderate depression; 31-40 indicated severe depression and >40 indicated extreme depression. For statistical purposes, BDI > 17 was considered as the cutoff point for differentiation between women who had depression from normal women or those who had mild mood disturbance (12) .
Fasting morning blood samples were obtained for estimation of hormonal profile including serum total testosterone, estradiol, sex hormonebinding globulin (SHBG), leutinizing hormone (LH) and follicle stimulating hormone (FSH). 
Results
The study included 60 epileptic women with mean age of 27.6±2.9; range: 23-35 years. All women were overweight to obese with mean body mass index of 34.2±2.6; range: 30.5-39.5 kg/m 2 . Twentythree women were infertile; 17 were primary infertile and 6 had secondary infertility. Forty-three women had irregular menstrual cycle; 13 had metrorrhagia, 11 had amenorrhea, 6 had scanty menstrual cycle, 8 had menorrhagia and 5 had polymenorrhea, while 17 women had normal regular menses (Table 1) .
Epileptic women were found to be more androgenic than control women as manifested by significantly (p<0.05) higher serum testosterone and SHBG with significantly (p<0.05) lower serum E2 in epileptic women compared to control women. However, serum LH and FSH were non-significantly (p>0.05) lower in epileptics compared to control women, (Table 2 -next page).
Mean duration of disease was 7.8±2.7; range: 3-13 years with the majority of patients in the range of 6-10 years duration of disease. Mean number of seizures per month was 4.9±1.9; range: 1-8 fits/month with the majority of patients having number of fits in the range of 4-6 fits/month. Twenty-three patients (38.3%) had right TLE, while 37 patients (61.7%) had left TLE. Sixteen patients had stopped AED at least 3 months before testing because of medication intolerance or lack of efficacy, while the remaining 44 patients were maintained on anti-epileptic therapy; 12 received carbamazepine, 7 received phenytoin, 6 received valproate, 9 gabapentin, 10 polytherapy, (Table  3) .
Mean ASEX of control women was 13±2.5; range: 9-19, so the cutoff point equals > 18. The frequency of patients who had ASEX score > 18 was significantly higher (X 2 =13.218, p<0.01) compared to such frequency among control women. Moreover, the frequency of patients who had ASEX score > 18 was significantly higher (X2=9.339, p<0.01) in patients who had right TLE compared to those who had left TLE and in those maintained on AED (X 2 =7.245, p<0.05) compared to those who stopped AED, ( Figure  1 ). Consequently, mean ASEX score in epileptics was significantly (p<0.05) higher compared to mean score of controls, with significantly (p<0.05) higher mean ASEX score in epileptics who had right TLE compared to those who had left TLE and in those on AED compared to those who stopped treatment, (Table 4, Figure 2 ).
As regards BDI, all controls showed a collective score <17 and were considered to have normal to mild mood disturbance. On the other hand, 39 epileptic women (65%) had BDI score of > 17 and were considered as depressed to a varying extent, while 21 epileptic women (35%) were in range of normal to mild mood disturbance. Interestingly, all epileptic women with right TLE and 16 of those with left TLE who had a score of > 17 were considered as depressed to a varying extent, while 21 women with left TLE were in the range of normal to mild mood disturbance. Moreover, AED also induced bad mood, 28 women maintained on AED had BDI score of > 17. Consequently, mean BDI score in epileptics was significantly (p<0.05) higher compared to controls, with a significantly (p<0.05) higher mean BDI score in epileptics who had right TLE compared to Data are presented as mean±SD & numbers; ranges & percentages are in parenthesis; BMI: body mass index Table 1 : Demographic and fertility data of studied population
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There was a positive significant correlation between presence of TLE and high ASEX scores identifying sexual dysfunction (r=0.456, p<0.001), bad mood manifested as high BDI scores (r=0.569, p<0.001) and masculine-hormonal behavior manifested by high serum testosterone (r=0.351, p=0.001), high serum SHBG (r=0.321, p=0.004) and low serum E2 (r=-0.741, p<0.001) which showed a negative significant correlation with presence of TLE.
Using regression analysis for identifying predictors for bad sexual function, manifested as high ASEX score, showed low serum E2 as the significant predictor in 4 models, presence of epilepsy in three models, disturbed hypothalamic function manifested as high serum LH in two models and obesity manifested as high BMI in one model (Table 5 ). For identification of predictors for bad mood, manifested by high BDI score, regression analysis showed that bad sexual function manifested as high ASEX score was the most significant predictor in five models, followed by
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Discussion
The relationship between neurological and/or psychological disorders, hormonal milieu and female sexual and reproductive functions is still a matter of concern and multiple debates. The current study included 60 women with TLE, 23 women who were infertile and 43 women who had irregular menstrual cycle. These data indicated disturbed ovarian function manifested as irregular menstrual cycle with concomitant infertility. In support of this assumption serum E2 was significantly lower with significantly higher serum testosterone and SHBG in epileptic women compared to controls. Thus, epileptic women were mostly deviated to hyperandrogenemic state; a picture simulating that of polycystic ovary syndrome (PCOS). Concomitantly, epileptic women were found to be more obese than controls, a finding supporting the picture of PCOS.
These findings supported that reported in literature; Hamed (13) reported that reduced fertility and disturbance in various aspects of sexual function are common in women with epilepsy who may additionally develop menstrual disturbances, weight gain, hyperandrogenism, ovulatory failure, and PCOS. Verrotti et al. (14) documented that women with epilepsy have a higher incidence of reproductive endocrine disorders than the general female population and these alterations include PCOS, hyperandrogenemia, infertility, hypothalamic amenorrhea and hyperprolactinemia. Also, Noe & Pack (15) reported that women with epilepsy have higher than expected rates of menstrual disorders and infertility and Bhat et al. (16) found that women with epilepsy could have increased infertility by a percentage of 26.8%. Vlasov et al. (17) reported that among epileptic women, menstrual dysfunction was found in 47.7% distributed as follows: oligomenorrhea in 68.3%, amenorrhea in 9.5% and dysfunctional metrorrhagia in 22.2%.
Such a relationship between epilepsy and reproductive dysfunction could be attributed to the direct influence of focal epileptic discharges from the temporal lobe on the function of the hypothalamic-pituitary axis, thus altering the release of sex steroid hormones (18, 19) .
Epileptic women showed significantly higher ASEX and BDI scores indicating sexual dysfunction in association with bad mood compared to control women. Moreover, there was a positive significant correlation between the presence of epilepsy and higher ASEX and BDI scores. The relationship between the triad of epilepsy, disturbed mood and sexual dysfunction could be attributed to the epilepsy-induced changes of the hormonal milieu towards hyperandrogenemia. In support of this, regression analysis defined low serum E2 and presence of epilepsy as significant predictors for high ASEX scores and as a feedback effect, the sexual dysfunction itself was found to be the most frequent significant predictor for bad mood manifested as high BDI scores. In line with such relations, Zelená et al. (20) found Beck Depression Inventories score was significantly correlated with Female Sexual Function Index.
The reported relationship could be attributed to the finding that sex hormones, which are known to contribute to remodeling of the hippocampus, play a pivotal role in
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Interestingly, there was significantly higher frequency of sexual dysfunction in women who had right TLE compared to those who had left TLE and in those maintained on AED compared to those who were not on ADE. These findings indicated an impact of lateralization of epileptic focus on the sexual function, but define a more deleterious effect of AED more than epilepsy itself. In line with these data, Herzog et al. (22) , documented that epilepsyinduced sexual and reproductive dysregulation may relate to the laterality and focality of the epilepsy and some hormonal changes may develop in close temporal relation to the occurrence of epileptiform discharges and the significance of these reproductive endocrine disorders is that they may contribute not only to sexual dysfunction and infertility but may also have an adverse impact on seizure control. Murialdo et al. (22) , (2009) found patients with more severe disease showed more relevant changes in their sex hormone profile and impaired progesterone levels during the luteal phase. Pack (23) reported that women with epilepsy have a higher than expected prevalence of sexual and reproductive dysfunction, the epilepsy syndrome and localization influence the presentation of these dysfunctions and specific AED influence the presentation of reproductive dysfunction.
The deleterious effects of AED could be attributed to their modulatory effect on hormone release from the hypothalamic-pituitary-gonadal axis and this may alter the metabolism of sex hormones and their binding proteins. Hepatic enzyme-inducing AED, such as carbamazepine and phenytoin, may be most clearly linked to altered metabolism of sex steroid hormones, but valproic acid, an enzyme inhibitor, has also been associated with a frequent occurrence of PCOS and hyperandrogenism in women with epilepsy (14) . Moreover, Noe & Pack (15) found that antiepileptic drugs also can adversely affect reproductive health. Herzog et al. (24) suggested that epilepsy, AED levels, ovulatory status, and hormone levels and ratios may all influence premenstrual dysphoric disorder (PMDD) in women with epilepsy. PMDD severity scores may be greater in people with right-sided than in those with left-sided epilepsy, and in people with temporal than in those with nontemporal epileptic foci and mood score may vary with particular antiepileptic drugs, favoring carbamazepine and lamotrigine over levetiracetam.
The obtained data and review of literature allowed concluding that epilepsy has deleterious effects on psychological, sexual and reproductive functions in women and such effect was magnified with AED and with lesions on the right side and showed a close relationship to disturbed sex hormone levels. Judicious use of AED and keeping an eye on hormonal balance in women with epilepsy is mandatory.
